Abstract We investigated the horizontal habitat use of three sympatric Paradoxurinae species, the common palm civet Paradoxurus hermaphroditus, the small-toothed palm civet Arctogalidia trivirgata and the binturong Arctictis binturong, occurring within a small area in a lowland dipterocarp rainforest in Sabah, Malaysian Borneo. We evaluated their preference for forests near open-canopy areas (forest edge habitat) or more mature interior forests (interior-forest habitat) by tracking radio-collared civets in their activity and inactivity periods. We demonstrated that all three Paradoxurinae species occurred in the same area, and extensive range overlap indicated lack of interspecific territoriality. The binturong preferred neither forest edge nor interior-forest habitats. Meanwhile, both the common palm civet and the small-toothed palm civet showed a similar preference for forest edge habitats. Food distribution may affect their habitat use. We could not find clear habitat segregation among the three sympatric Paradoxurinae species, but vertical habitat use may also affect their coexistence. Further effort is needed to elucidate both the horizontal and vertical habitat segregation of sympatric Paradoxurinae species.
Introduction
Tropical rainforests possess large numbers of sympatric mammalian species in the same guild, such as rodents (Emmons 1980) , primates (Schreier et al. 2009 ) and carnivores (Rabinowitz 1991; Ray and Sunquist 2001) . In Asian tropical communities, civets (Viverridae) are one of the most diversified and wide-spread taxa (Rabinowitz 1991) . Up to four frugivorous species belonging to the civet subfamily Paradoxurinae occur sympatrically from Assam to Indochina and Peninsular Malaysia, and on Sumatra and Borneo (Jennings and Veron 2009) . Given that closely related species minimise niche overlap (Losos 2008) , the sympatric Paradoxurinae species should differ in their ecological needs.
Habitat selection is an important factor allowing animals to occur sympatrically (Rosenzweig 1981) . Canopy openings such as forest edges and riparian areas and closed forests differ in plant communities represented by shade-tolerant plants and pioneer plants (Raich and Gong 1990, Ostertag 1998) , which affects the production of fruits (Gentry and Emmons 1987) . One of the sympatric Paradoxurinae species, Paradoxurus hermaphroditus, preferentially uses forest edge when it is active (Nakabayashi et al. 2014) . Considering that some species avoid the forest edge (Goosem 2007) , sympatric frugivorous civet species might coexist in tropical Asian rainforests by occupying different horizontal spaces.
Studying the mechanisms of coexistence of closely related sympatric species may help to answer big ecological questions, such as why tropical rainforests possess high species diversity. However, due to the ecology of the sympatric frugivorous civet species, e.g. nocturnal, solitary and semiarboreal (Jennings and Veron 2009) , details of their habitat use remain unknown. In this study, we investigated using radio telemetry the horizontal habitat preference of three sympatric Paradoxurinae species, P. hermaphroditus (the common palm civet), Arctogalidia trivirgata (the small-toothed palm civet) and Arctictis binturong (the binturong), occurring within a small area of lowland dipterocarp rainforest in Sabah, Malaysian Borneo.
Materials and methods

Study site
We conducted this study in the Danum Valley Conservation Area in Sabah, north-eastern Borneo, from May 2012 to May 2014. This is a 438-km 2 protected zone mostly consisting of mature lowland evergreen dipterocarp forest (Marsh and Greer 1992) .
Trapping and radio telemetry
We trapped three sympatric Paradoxurinae species for attaching radio collars (M194B/M2940B; Advanced Telemetry Systems, MN, USA). Only mature animals in good physical condition were selected for telemetry study. Trapping was carried out using eight portable Havahart brand box traps (60 × 18 × 18 cm) and four locally made traps (100 × 20 × 25 cm). Traps were baited with mature cultivated fruits (bananas, small jackfruits) and were set on the ground or on branches at heights ranging from 3 to 35 m at dusk and checked each morning.
When civets were captured, their sexes and weights were recorded. They were immobilised with 5 mg/kg Zoletil (Vibrac Laboratories, Carros, France). Animal handling protocol followed the guidelines of the American Society of Mammalogists (Sikes and Gannon 2011) . The radio-collared animals were tracked using receivers and handheld 4-element Yagi antennas (Advanced Telemetry Systems, MN, USA). We obtained bearings using a compass and at least three bearings were triangulated to estimate each animal position. We obtained at least two fixes per animal per day: during periods of activity, between 19:00-20:00 and/or between 01:00-02:00, and another fix during daytime when the animal was inactive.
Data analysis
We investigated horizontal habitat preference for forests near open-canopy areas (forest edge) or more mature interior forests (interior-forest habitat) by tracking radio-collared civets in both activity and inactivity periods using telemetry methods.
Data on compass bearings of each tracked civet were entered into the LOAS software program (Ecological Software Solution, California, USA) to estimate location fixes and generate error ellipses. Fixes with error ellipses greater than 1 ha were rejected following the method described in Jennings et al. (2006) . Cumulative ranges were analysed using 95% minimum convex polygon (MCP) methods. When a radiocollared civet did not change locations for more than 2 h and there were no signal wobbles, we estimated that it was inactive; otherwise, we regarded it as active. We divided the area of the 95% MCP home range of each civet into the following two habitat types: one was forests near artificial and natural forest edges, such as roadside forests and riverine areas, and the other type was interior forests. We defined forest edge habitat as the area within 30 m of the sides of gravel roads and rivers, and interior-forest habitat as the area more than 30 m from gravel roads and rivers following the criteria described in Nakabayashi et al. (2014) .
Area of each habitat was calculated using ArcMap™ 10.2.2 (ESRI, Redlands, CA, USA). We evaluated their habitat preference between the forest edge habitat and interiorforest habitat both in activity and inactivity periods by comparing the number of locations in each habitat type and the expected number of locations. The expected number of locations was calculated from the proportion of each habitat type in the 95% MCP home ranges of the collared civets and compared with the actual number of locations within these areas using the chi-square goodness of fit test. All analyses were conducted using the package 'Adehabitat' of R version 3.1.2 (R Development Core Team 2014).
Results
We radio-tracked three P. hermaphroditus (two males and one female), two males A. trivirgata, and one female A. binturong (Table 1) . The extensive home range overlap of the three species demonstrates their sympatry even at a small scale (Fig. 1) .
All radio-collared P. hermaphroditus used forest edge habitat more than expected in activity period (χ 2 = 3.90, p = 0.048; χ 2 = 5.32, p = 0.02; χ 2 = 4.50, p = 0.03), whilst there were no significant differences in inactivity period (χ 2 = 1.24, p = 0.27; χ 2 = 1.28, p = 0.72). Both individuals of the A. trivirgata showed a preference for forest edge habitat in activity period (χ 2 = 6.19, p = 0.01; χ 2 = 4.51, p = 0.03). There were no significant differences in utilisation of the two habitats in inactivity period (χ 2 = 1.93, p = 0.17). No significant differences were noted in the utilisation of the two habitats in the inactive periods (χ2 = 1.93, p = 0.17) by one of the animals; the other A. trivirgata was not located during these/ the inactive period. There were no significant differences in utilisation of the forest edge habitat or the interior-forest habitat in either activity (χ 2 = 2.38, p = 0.12) or inactivity periods (χ 2 = 1.56, p = 0.21) in A. binturong.
Discussion
We demonstrated that all three Paradoxurinae species occurred in the same area, and extensive range overlap indicated lack of interspecific territoriality. The largest A. binturong used both forest edge and interior-forest habitats indistinctly. Binturongs in Thailand also used both open and closed forests (Grassman et al. 2005 ). Meanwhile, both P. hermaphroditus and A. trivirgata showed a similar preference for forest edges in their activity periods. Therefore, contrary to our hypothesis, the three species did not differentiate horizontal spaces although the A. binturong did not exhibit preference for forest edges.
Food distribution usually affects habitat use by civets (Nakashima et al. 2013 ). Some of their food plants such as Ficus fistulosa and Pternandra coerulescens (Nakabayashi unpubl.data) grow along the gravel roads, though they typically occur in wetter areas (Metcalfe et al. 1998) . Therefore, the habitat preferences of P. hermaphroditus and A. trivirgata could be related to the distribution of their foods. The radiocollared A. binturong largely depend on figs for their food (Nakabayashi et al. 2016) . Figs have various life forms, such as trees and hemi-epiphytes (Harrison 2005) . Hemi-epiphytic figs need large host trees for their growth, such as Dipterocarpaceae, which are usually distributed in interior forests (Laman 1995) . Figs also show traits that are typical of pioneer plants (Harrison 2005) . This may explain why the radio-collared A. binturong showed no specific preference for forest edge or interior-forest habitats.
Although we could not find clear separation of habitat use among the three sympatric Paradoxurinae species occurring in the same small area, we found that the two similar-sized species (Table 1) , P. hermaphroditus and A. trivirgata, prefer forest edges. Given that the vertical structure of tropical forests affects the number of mammal species (August 1983) , and that the capture heights of these two species were clearly different (Table 1) , these two species may exhibit different vertical habitat use. Further investigation is needed to elucidate both the horizontal and vertical habitat segregation between sympatric Paradoxurinae species.
